The overall survival of breast cancer (BC) patients increased significantly for decades; however, their long-term survival was seriously impaired by subsequent malignancies. This study aimed to investigate the risk factors of subsequent lung / bronchus primary malignancies among BC survivors.
Introduction
Breast cancer (BC) is the most prevalent cancer among females. [1] Due to the greater use of mammography screening and menopausal hormones, the incidence rate of BC increased rapidly in 1980s and1990s. [2, 3] After 2002, with the decreased use of menopausal hormones, [4] BC rates decreased, especially in Caucasian women and for hormone receptor (HR)-positive BC. [5, 6] After 2010, BC incidence began to increase for women aged 60 years or older. [2] BC is the leading cause of cancer-related death in females. [7] In USA, the overall 5-year relative survival rate was 75.1% from 1975 to 1977, and has improved to 90.0% for 2001 through 2007. [8] The death rate of BC has been declining since the early1990s in USA. [3, 9] Improvements in BC survival over decades are attributed to the prevalence of population-based screening using mammography and the systematic use of adjuvant therapies. [10] However, even with treatment improvements, subsequent malignancies after BCs are still problematic and lead to poor long-term prognosis and death. Some researchers have focused on treatment-related subsequent malignancies. [11] [12] [13] In estrogen receptor (ER)-positive BCs, Tamoxifen is widely used. However, this group of patients has a significantly higher risk of developing a subsequent endometrial cancer. [14, 15] However, based on a population study from Taiwan, antiestrogen use in BC patients is associated with a reduced risk of subsequent lung cancer. [16] Another example is about therapy-related acute promyelocytic leukemia (tAPL). tAPL has been found to develop usually within 3 years after a primary neoplasm, especially BC, treated, in particular, with topoisoemerase II-targeted drugs. [17] In addition, radiotherapy for primary BC could induce angiosarcoma [18] and lung cancer. [19, 20] Older radiotherapy techniques are suggested to induce ipsilateral lung cancer, but no clear evidence has been demonstrated for modern radiotherapy techniques. [21] Breast cancer survivors are at risk of subsequent lung cancer. The 5-year survival rate of primary lung/bronchus cancer was only 18.1% based on 2010 to 2014 Surveillance, Epidemiology, and End Results Program (SEER) surveillance database. Lung cancer patients with a previous malignancy have a similar survival rate with patients diagnosed as lung cancer as the first malignancy. [22] The median overall survival times for localized, regional, and distant BC subsequent lung cancer patients are 5.1 years, 1.9 years, and 5.8 months, respectively. [23] Therefore, even BC patients have a favorable 5-year survival rate; their long-term survival might be adversely affected by subsequent lung/bronchus cancers.
The objective of this study was to provide comprehensive information about the prevalence of subsequent malignancies after BC, to systematically analyze the risk factors, and to evaluate the impact of subsequent lung/bronchus malignancies on long-term survival of BC patients by using SEER research database. Patients with unspecified subsequent tumors (n = 29,639), or having subsequent tumors within 6 months after the diagnosis of the primary BC (n = 22,028), or having subsequent breast tumors in the same laterality with the first primary BC (n = 6527) were excluded from this study.
Methods

Database and cohort definition
Measurements and candidate risk factors
The primary measurement was the incidence of subsequent malignancies among BC survivors. The subsequent measurement was the subsequent cancer-specific mortality of BC survivors. 
Survival analysis and Cox regression model
Survival analysis was performed for right-censored datasets.
Because patients who were lost to follow-up because of definite reasons should be excluded from the survival test, so patients who died before the existence of secondary malignancies were excluded from the sample in this study. The Kaplan-Meier method was used to plot the survival distributions against subsequent malignancies or cancer-specific death, and the logrank test was used to assess differences in survival experience among the clinical/pathological subgroups. To identify the risk factors for subsequent malignancies, the Cox proportionalhazards regression was performed to estimate the hazard ratio. A receiver-operating characteristic (ROC) curve and the area under the curve (AUC) measure the efficiency of age in predicting subsequent malignancies. All tests of hypotheses were 2-tailed and conducted at a significance level of .05. Statistical analyses were conducted using SAS 9.4. of subsequent malignancies indicated that breast, lung/bronchus, and ovary/uteri were the most prevalent sites ( Fig. 1B and C). The top 3 first and all subsequent malignancies were contralateral BC (CBC), lung/bronchus cancer, and uteri/ovary cancer. In all, 10,789 patients developed subsequent lung/bronchus cancer, and 9398 patients with lung/bronchus cancer as the first subsequent malignancy after primary BC. The median subsequent tumor-free time for subsequent lung/bronchus malignancies was about 6.5 years (78 months; Table 1 ). The 1, 5, 10, and 10+-year MP-SIR for subsequent lung/bronchus cancer in initial BC patients were 4.13, 5.18, 5.14, and 5.40, respectively, in 1973 to 2014. These statistics suggested a significantly higher incidence of subsequent lung/bronchus cancer in BC survivors than those in general populations.
Results
Incidence of subsequent malignancies
Trend of subsequent malignancies
Interestingly, the site spectrum of other subsequent malignancies varied during past 4 decades. As demonstrated in Fig By calculating MP-SIR, we found that the incidence of lung/ bronchus cancer in primary BC patients was about 5-fold higher, compared with general population (Fig. 2G) . From 2000 to 2014, the MP-SIR began to strikingly increase to 31.83. As shown in Fig. 2H , for BC patients who were diagnosed in 2004, the 1, 5, For other clinico-pathological features, patients of white race, tumors with ER, progesterone receptor (PR), HER2, triple negative, poorly differentiated tumor, special subtype of invasive carcinoma, T4/N2-3, patients without radiation and without surgery had higher incidence of subsequent malignancies (Table 1) . Patients with subsequent lung/bronchus cancer had much higher all-cause mortality rate and lung cancer-specific mortality. To further evaluate the effect of clinico-pathological risk factors on subsequent malignancies, univariate Cox regression analysis was performed. As demonstrated in Table 2 , HR/HER2 triple negative, poor differentiation grade, advanced TNM stage, and the lack of radiotherapy or surgery were significant risk factors associated with the subsequent malignancies after first primary BC. For subsequent lung/bronchus cancer, old-aged, T4, M1, and stage IV, surgery reconstruction with implantation was a significant risk factor; PR-positive, HER2-positive, radiation, and surgery were protective factors. Unlike previous reports about risk factors HR-positive and anticancer treatment-related subsequent malignancies (14-15,18), our findings suggested HR-positive and radiotherapy/surgery to be protective factors. The development of adjuvant treatment and surgery might prevent or delay the subsequent malignancies' occurrence. [24, 25] 3.4. Time trend of radiation and surgery on subsequent lung/bronchus malignancies Radiotherapy of BC patients exposed their lung under radiation. Exposure of the lung to radiotherapy depends on many factors, including the radiation source, treatment plan, technique, and fractionation. [21] Older radiotherapy techniques were suggested to be associated with an elevated risk of developing lung cancer in the ipsilateral lung. [21] As shown in Table 3 , BC patients diagnosed in 1973 to 1984 with radiotherapy had a higher risk of developing subsequent lung/bronchus cancer, compared with the nonradiotherapy group (hazard ratio 1.647, 95% CI 1.451, 1.870). In recent decade, radiotherapy became a protective factor against subsequent lung/bronchus cancer (hazard ratio 0.836, 95% CI 0.767, P = 0.913). For surgical treatment, surgery was a protective factor against subsequent lung/bronchus cancer from 1973 to 2014. Surgical reconstruction emerged in 1998. In the first decade of use (1998) (1999) (2000) (2001) (2002) (2003) (2004) , implantation had a higher risk than tissue reconstruction (hazard ratio 2.479, 95% CI 1.301, 4.721). In 2005 to 2014, the risk of implantation versus tissue reconstruction decreased (hazard ratio 1.506, 95% CI 0.711, 3.188). In this study, information of chemotherapy was not included in SEER database.
Mortality rate and death causes for BC patients with subsequent malignancies
Patients with subsequent malignancies had significantly higher all-cause mortality and cancer-specific mortality than patients without subsequent malignancies (eTable 3, http://links.lww. com/MD/C519). Though patients with subsequent malignancies had higher survival rate against both all-cause mortality and cancer-specific mortality than patients without subsequent malignancies within 10 years, their long-term survival rate was lower than patients without subsequent malignancies (Fig. 3A-C) .The survival information were listed in eTables 4 and 5 (http://links.lww.com/MD/C519). In addition, the survival rate of BC patients varied during past 4 decades. As demonstrated in BC patients is about 88% in USA; their long-term survival is still problematic due to subsequent malignancies. The 9-year cancer-specific survival rate for patients with subsequent malignancies was 0.7878, which was significantly lower than the survival rate of 0.8362 for patients without subsequent malignancies ( Fig. 3E , P < .0001; eTable 6, http://links.lww. com/MD/C519).
To further investigate the survival rate after patients diagnosed with subsequent malignancies at different sites, life test was performed, and the observing start time was set at the occurrence of subsequent malignancies. KM curves showed that patients with lung/bronchus cancer had lowest survival rate, whereas patient with subsequent lymphoma/leukemia had the highest survival rate (Fig. 3F) . The 10-year survival rate for patients with subsequent BC, lung/bronchus cancer, ovary/uteri cancer, cecum/ colon/rectum/anus cancer, lymphoma/leukemia, and thyroid cancer were 0.5881, 0.3954, 0.7317, 0.7072, 0.8747, and 0.7421, respectively (eTable 7, http://links.lww.com/MD/C519). Among all BC patients, BC is the leading cause of death. Except BC, heart disease was the leading cause of death and lung/ bronchus cancer was the fourth leading cause of death (Fig. 3G) . In patients with subsequent malignancies, BC was still the leading cause of death, and lung/bronchus cancer was the second leading cause of mortality (Fig. 3H ).
Discussion
Lung/bronchus cancer was always the top subsequent malignancies except BC ( Fig. 2A-D) . MP-SIR data indicated an increase of subsequent lung/bronchus malignancies in BC patients in recent Liu et (Fig. 2G-H) . However, survival analysis indicated that the subsequent lung/bronchus malignancies event-free probabilities decreased in recent decade compared with 1973 to 1984 (Fig. 2F) . Such decrease was related to development of BC treatment techniques, including radiotherapy and surgical reconstruction (Table 3) . Though BC remained the leading of all cause of death, subsequent lung/bronchus cancer was considerably involved in Table 2 Risk factors for free of secondary primary tumors. the death events of BC patients, especially for those who suffered from subsequent lung cancer ( Fig. 3G and H) . Other cancer type including colon/rectum, ovary cancer, and non-Hodgkin lymphoma were also important cancerous causes of death. Interestingly, as for the site spectrum of subsequent malignancies, the rank of thyroid carcinoma increased significantly from the 20th place in 1973 to 1983, to the fourth place in 2004 to 2013. Such an increase is not striking. Based on SEER database, the annual percent change (APC) of thyroid cancer is about 7% for recent years, indicating the rate of thyroid cancer rising, surpassing rates of common cancers and becoming the third most common cancer in women by 2019. [26] Apart from thyroid cancer, melanoma of the skin, kidney, and renal pelvis cancer, and acute myeloid leukemia also increased significantly, especially in recent 2 decades ( Fig. 2A-D) . By comparing the survival information of patients with subsequent malignancies at different sites, lung/bronchus cancer had the lowest survival curves (rates, Fig. 3F ).
For BC, surgery is the primary treatment. About 20% to 45% of patients who receive mastectomy have breast reconstruction with implantation, tissue flap, or both. [27, 28] Surgical reconstruction/implantation is a significant risk factor related to subsequent lung cancer [29] and anaplastic large cell lymphoma. [30, 31] Radiotherapy and chemotherapy also involve in the development of subsequent malignancies. Radiotherapy/chemotherapy is related to myelodysplasia and acute myeloid leukemia (tMDS/ , [11, [32] [33] [34] lymphoma, [35] soft tissue sarcoma [36] and skin tumors, [37] and so on. Other cancer related pathologies included virus infection, [38] metabolism disorders, [39] and genetic susceptibility, [40] etc. However, in our study, we found that both radiation and surgery treatment were significant protective factors against subsequent malignancies (Table 2) , especially in recent decade (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (Table 3) .
In our previous research, we have also found that breast cancer patients have great chance to bear secondary ovary /uterus cancer, colonrectal cancer and thyroid cancer. [41] BRCA1/2 mutation is related to both breast cancer and ovary cancer. [42] Breast cancer patients with a family history of breast or ovarian cancer also had an increased risk of subsequent leukemia. [43] BC survivors with ER-negative/HER2-positive and triple-negative BC (TNBC) had a significantly increased risk of developing a second primary asynchronous CBC. [24, [44] [45] Table 2 indicated TNBC subtype to be risk factors, whereas ER-positive, PRpositive, and HER2-positive were protective factors. PR-positive and HER2-positive were also protective factors for subsequent lung/bronchus cancer, reflecting the improvement of postoperative adjuvant and endocrine therapy for BC patients.
Conclusions
Overall, our study provided comprehensive evaluation of the risk factors and survival outcome of subsequent malignancies in primary BC patients. Though the subsequent malignancies' event-free probabilities increased tremendously in recent decade, MP-SIR of lung/bronchus cancer increased significantly from 2000. Further investigations should be initiated to establish reasonable surveillance strategies based on site-specific risk factors. 
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